Objective: To compare gain in knowledge and skills of neonatal resuscitation using tele-education instruction vs conventional classroom teaching.
Introduction
Perinatal asphyxia is one of the major causes of neonatal morbidity and mortality in India and worldwide. [1] [2] [3] Asphyxiarelated morbidity and mortality can be reduced by training healthcare providers in neonatal resuscitation. A significant gain in neonatal resuscitation skills has been shown when training is imparted to health-care providers in the form of hands-on workshops 4 using the standardized learning materials developed by the American Academy of Pediatrics. 5 In India, a large proportion of deliveries at health facilities are conducted by nurses or nonspecialist physicians. Training of nurses and midwives in neonatal resuscitation is highly desirable but needs huge amount of money, time and effort to facilitate contact between learners and trained instructors. The issue is further compounded by paucity of adequate numbers of trained instructors to impart quality training.
India has a well-developed space program with its communication satellites having footprint across many parts of the country. Distance education using this asset has the ability to reach a large number of learners simultaneously. Among the distance education methods, teaching by satellite communication system is potentially most efficient and promising for rapid scale-up of training programs. Satellite-based telemedicine modality has been mainly used for patient consultations, monitoring and counseling. [6] [7] [8] [9] [10] [11] [12] [13] The same technology when used for medical education (tele-education) offers an alternate, potentially timesaving and cost-effective interface between learners and instructors. Efficacy of tele-education (TI) as compared to conventional classroom teaching (CT) in imparting knowledge and skill needs to be investigated.
This study was conducted with an objective to compare gain in knowledge and skill of neonatal resuscitation using tele-education vs classroom interface between learners and instructors.
Methods
This randomized controlled trial was conducted in the telemedicine facility of a tertiary care hospital. Small and medium-sized hospitals corresponding to district and subdistrict level facilities in Delhi were invited to nominate in-service staff nurses as trainees. Trainees were randomized to receive training by tele-education instruction or CT using serially numbered, opaque, sealed, identical envelopes. The randomization sequence was generated in fixed-block size of four each using a web-based random number generator. Training and outcome assessment were carried out by two separate teams comprising faculty and fellows of the neonatology division. The outcome assessment team was masked to the training method. This was made possible by arranging another workshop in a separate room, the assessment team assessed the group (for before and after intervention) when the other group was undergoing the intervention. Further, the participants were escorted by separate routes between these rooms and no interaction was possible at any stage. Masking of the participants was not possible due to nature of the intervention. Methods and tools for imparting training and assessing outcome were standardized by conducting in-house discussion and mock runs.
Training for neonatal resuscitation was conducted as a singleday workshop. The workshop consisted of demonstrations and didactic lectures delivered by two instructors on the pattern outlined in Textbook of Neonatal Resuscitation by American Academy of Pediatrics. 5 In both groups the training consisted of four sets of lectures (30 min each) with demonstrations namely: (1) introduction and basic physiology of transition; (2) initial steps; (3) bag and mask ventilation; (4) chest compression intubation and medications.
In TI group, trainees and the instructors located in two separate areas interacted through a 53-inche color television screen. The telemedicine session was delivered at data transfer rate of 384 kbps using an Internet protocol network (V-SAT). Local co-coordinators ensured that the sound quality was adequate and the camera (Aethra S.p.A, Ancona, Italy) was focused on relevant individual during the interactive sections of the course. An assistant controlled the image transmission, alternating between the slides and instructor images appropriately. In the CT group, teaching was carried out in a classroom where computer and LCD projector were used for projection of teaching aids that consisted of the PowerPoint presentations.
Instructors, content of the lectures and the teaching slides were identical for both the groups. An independent team supervised the execution of study including smooth movement of the participants, instructors and assessors.
Primary outcome of the study was gain in the knowledge and skills scores. For measuring the gain, knowledge and skills were assessed immediately before and after completing the training. Assessment of knowledge was performed by administering a set of 15 multiple-choice single-response and yes-or-no response questions. The questions were based on both the recall and the clinical problem-solving. Assessment of skills was performed by five objective structured clinical examination stations namely (1) initial steps; (2) bag and mask ventilation; (3) orogastric tube insertion; (4) adrenaline preparation and (5) decision-making on the neonatal resuscitation flow chart. We also obtained instructors' and trainees' feedback on satisfaction with the teaching-learning experience. Satisfaction of trainees was measured with a 20-point Likert scale questionnaire. Satisfaction of instructors was measured using a separate 10-point Likert scale questionnaire. Demographic and profession-related information about trainees was gathered using another self-administered questionnaire.
For logistic reasons and to maintain an appropriate student/ teacher ratio, a sample size of 50 was planned with 25 trainees in each group. Data were analyzed using Stata software, version 9.1 (StataCorp LP, College Station, TX, USA). Group characteristics were compared with w 2 -test and two-sample t-test for discrete and continuous variables, respectively. Within group means were compared using paired t-test. P-value of <0.05 was taken as statistically significant.
Results
Among 60 staff nurses nominated as trainees by various hospitals, 4 did not report at the workshop site and another 7 could not be enrolled due to various reasons ( Figure 1) . A total of 48 trainees were randomized to TI (n ¼ 26) or CT (n ¼ 22) groups. Professional qualification and work experience of trainees were comparable in the two groups (Table 1) . Pre-training mean knowledge scores were higher in TI group (8.3±1.7 vs 6.6±1.4, P ¼ 0.004). However, skills scores were comparable in the two groups (11.7±3 vs 10.3±2.9, P ¼ 0.13).
Training resulted in similar gain in knowledge scores (TI: 4.2±2.2 vs CT: 5.3±1.7, P ¼ 0.06) and skills scores (TI: 4.5 ± 3.3 vs CT: 5.0 ± 3.1, P ¼ 0.62) in both the groups. Within each group, training resulted in a significant increase in knowledge scores (TI: 8.3 ± 1.7 to 12.5 ± 2.0, P ¼ 0.00; CT: 6.6 ± 1.4 to 12.0 ± 1.7, P ¼ 0.00; Figure 2 ) and skill scores (TI: 11.6±2.0 to 16.0±2.8, P ¼ 0.00; CT: 10.3±2.9 to 15.6±2.5, P ¼ 0.00; Figure 3 ) from the pre-training level. The post-training knowledge scores (TI: 12.5±1.7 vs CT: 12.0±1.7, P ¼ 0.37) and the post-training skill scores (TI: 16.0 ± 0.5 vs CT: 15.6 ± 2.5, P ¼ 0.55) were comparable in the two groups. To adjust for potentially confounding effect of significantly different pre-training knowledge score, we performed a multivariate analysis. The adjusted post-training scores were statistically higher in the CT group compared with the TI group (knowledge: 12.4±0.03 vs 12.1±0.01, P ¼ 0.00; skills: 15.6±2.5 vs 16.0 ± 2.8, P ¼ 0.00).
Trainees' satisfaction with content, delivery, personal gain and teachers' ability was comparable in the two groups ( Table 2 ). The two groups differed only slightly on the issues of 'active participation' and 'delivery of subject', both being higher in the CT group. Instructors' satisfaction with teaching experience in the two groups was comparable (Table 3) . Minor technical difficulties were encountered during telemedicine sessions. There were three episodes of interruptions due to signal failure (3 to 5 min each). On a couple of occasions, there was a delay in the focusing of the camera on the relevant participant during interactive sessions.
Discussion
This study shows that tele-education can be a feasible and effective method for training of health-care providers in knowledge and skills related to neonatal resuscitation. The most notable aspect of the tele-education was that it brought about the comparable gain in knowledge and skills pertaining to neonatal resuscitation. Though adjusted post-training knowledge and skill scores were higher in CT group, the difference was of little practical significance. The results of the study have significant program relevance as tele-education method of training can help in a large-scale dissemination of neonatal resuscitation skills to health-care providers working in distant areas without compromising the quality of training.
Previous studies in the field of telemedicine have mainly focused on patient care and shown benefit in terms of reductions in need of hospital consultation and patient transfers in subspecialties like emergency medicine, 6 neurosurgery, 7 cardiology, 8, 9 psychiatry, 10 dermatology, 11 ophthalmology 12 and pathology. 13 Telemedicine technology has been used less commonly for education of health-care providers. Lowen et al. 14 observed that telemedicine was effective in delivering neonatal stabilization education program to the health-care providers as effectively as classroom method. They also reported that the videoconferencing can be used as effectively as conventional examination to test the neonatal resuscitation mega code. 15 Ricci et al. have reported effectiveness of tele-education in training the health-care professional staying at distant sites. 16 Comparable results were obtained by Bertsch et al. in education of medical students. 17 Limitations of training material and instructors can affect the transfer of knowledge and skill to trainees. We have used a welldeveloped and validated training module of neonatal resuscitation to compare the two methods of training. Instructors in our study were also well trained and experienced in interactive module-based teaching. Use of tele-education in other areas of neonatal health care may need development of suitable training material for trainees and instructors. In addition, contributions made by technology in imparting telemedicine-based education cannot be underestimated. During the tele-education training sessions certain technology limitations like interruptions during the lectures, Tele-education and neonatal resuscitation A Jain et al Tele-education and neonatal resuscitation A Jain et al inability to transmit images of the instructors and their presentation at the same time and occasional delay in the focusing of the camera to the relevant places were noted by us. These shortcomings can be readily averted by more careful planning and technological support. The retention of the knowledge and skills after an interval would be an important factor that needs to be investigated. Even though we selected the nurses who were in-service, all of them were from a metropolitan and may not represent in true sense the nurses in the remote places. Such a new technology should also be evaluated economically for the feasibility. Because of the ease and efficiency with which the tele-education sessions can be held, it is conceivable that even if this method has some limitations as noted in this study in terms of slightly lower scores, refresher courses can offset some of the gaps that may occur with only a single session. Translation of knowledge and skills gained by the trainees into clinical practice needs further investigation.
The main strength of our study was its robust design. This is the first study in the developing world assessing the use of teleeducation in training of neonatal resuscitation to nurses. As the participants were in-service staff nurses from various peripheral hospitals, this could have a good external validity. Further, our study can be a basis for research to evaluate other benefits of telemedicine like parental education, measuring neonatal outcome after discharge in high-risk babies and home evaluation of distant high-risk babies by nursing staff. To conclude, tele-education training was effective in improving knowledge and skills of nurses to a level that was of a reasonably high order and acceptable for practical purposes. Although classroom method remains an ideal choice for capacity development, teaching and learning by teleeducation offers a rapid, pragmatic and reasonably effective method of large-scale training of nurses in neonatal resuscitation. Tele-education and neonatal resuscitation A Jain et al
